Clinicopathological series indicate that the clinical diagnosis of Parkinson's disease is correct in only 80% of cases.
Ten patients with SRO were studied (all of these patients have been previously reported21). All had an akinetic-rigid syndrome poorly responsive to levodopa; eight had a frank supranuclear down gaze palsy, and two had absent vertical optokinetic nystagmus. All had axial rigidity and nine had a pseudobulbar palsy. Eight of the 10 patients had dementia of frontal type. In six cases, CT scans were normal, three showed generalised atrophy, and one showed cerebellar and brainstem atrophy. Mean age of the SRO group was 68 (range 62-75) years and duration of disease varied from six months to eight years (mean 3-5 years). Locomotor disability ranged from Hoehn and Yahr grades III-V when assessed after 12 hours without medication.
Striatal '8F-dopa influx constants obtained for these three patient groups were compared with those obtained for 27 healthy normal subjects with no evidence of neurological disease.
The mean age of the normal subjects was 63 (range 30-77) years. The ethics committee of the Royal Postgraduate Medical School, Hammersmith Hospital, approved this study. Permission to administer '8F-dopa was obtained from the Administration of Radioactive Substances Advisory Committee of the United Kingdom.
SCANNING PROCEDURE
Scans were performed on a Siemens CTI 931/12/8 scanner (CTI, Knoxville, TN) at the MRC Cyclotron Unit. Reconstructed spatial resolution for 15 simultaneously acquired slices is 7-0 x 8.5 x 8-5 mm (full width half maximum). Other performance characteristics for this scanner have previously been described. 23 The head was immobilised in the scanner by means of an individual polyurethane mould. Scanning was performed with the orbitomeatal line parallel to the detector rings. A 10-minute transmission scan, with a retractable 68Ga/68Ge ring source, was performed to correct for tissue attenuation. All dopaminergic agents were stopped for 12 hours before PET and subjects ate only a light breakfast that day. Subjects were given 100 mg carbidopa orally one hour before, and a further 50 mg immediately before the study to block peripheral aromatic amino acid decarboxylase. A dose of between 3 and 5 mCi of '8F-dopa was given to each subject over two minutes by infusion pump. Serial dynamic emission scans were collected from the start of infusion, initially at one minute, and extending to five-minute intervals. Twenty-five time frames were collected over 94 minutes.
DATA ANALYSIS
Data were analysed with image-analysis software (Analyze version 3 0, BRU, Mayo Foundation, Rochester, MN) after transfer to SUN 3/60 workstations (Sun Microsystems, Inc, Mountain View, CA). The position of striatal structures was determined by the inspection of summed time frames, creating an integrated image representing activity collected 30-94 minutes after giving 18F-dopa. Region of interest placement was defined in a standard template arrangement: one square of length 8-2 mm was placed over the head of the caudate, and three squares 8-2 mm in length were aligned contiguously along the axis of the putamen for each hemisphere. A circular region, of diameter 32-8 mm, was placed over the occipital lobe of each hemisphere.
Striatal and occipital region placement was performed on the two optimal contiguous planes, and then applied to individual time frames to derive regional time-activity plots. Side-to-side averaged values for each of these regions over two planes were then calculated from data from the individual hemispheric region of interest.
Influx (27) 0 0109 (0-0016) 0 0099 (0*0011) Parkinson's disease (28) analysis of variance (ANOVA), with Tukey's honestly significant difference procedure as a post hoc test. Discriminant function analysis is a multivariate linear technique that examines a series of dependent variables for two or more groups, and produces the optimal way of classifying individual subjects within groups, in the form of discriminant scores. The discriminant scores determine the probability of each patient belonging to a particular group. This technique was used to calculate discriminant scores for each subject in this study, on the basis of their caudate and putamen Ki values, to see whether the classification from the statistical analysis matched the clinical classification. Because MSA and SRO generally run a more malignant course, with a shorter time from diagnosis to death than Parkinson's disease," 12 duration of disease was considered as a dependent variable, as well as caudate and putamen Ki values, and its effect on the discriminant scores was examined. Also, because typical and atypical parkinsonian syndromes may be particularly difficult to distinguish from one another clinically in the early stages, discriminant function analysis was also performed for those patients with durations of disease of three years or less, with caudate and putamen Ki values as dependent values.
Results

ANALYSIS OF VARIANCE FOR CAUDATE AND
PUTAMEN Ki VALUES Table 1 shows the mean caudate and putamen Ki values, together with the standard deviations (SDs), for normal, Parkinson's disease, and "atypical" parkinsonian groups, with the last comprising patients with MSA and those with SRO. As expected, both Parkinson's disease and atypical parkinsonian group caudate and putamen Ki means differed significantly from those of the normal group (p < 0-001). Also, there was a significant difference (p < 0-001) between Parkinson's disease (0-0081 min-') and atypical parkinsonian (00062 min-') group caudate Ki, but not putamen Ki (0-0042 min-' v 0-0039 min-') means. (28) 24 (69) Overall "correct" classification = 77%.
(00040 min-') group means all significantly less than the normal mean putamen Ki value (0-0099 min-'; p < 0001). There were no significant differences in the mean putamen tracer uptake between the groups studied.
DISCRIMINANT FUNCTION ANALYSIS Discriminant function analysis is a descriptive statistical approach, rather than a predictive one. In other words, in the data presented, the programme analysed the variables given to it and determined the best means of separating the individual patients into assigned clinical categories. If more patients are studied, their striatal '8F-dopa uptake constants can be included in a new discriminant analysis and the optimal statistical way of separating the patients may then change.
Applying discriminant function analysis to the striatal Ki values calculated in this study showed the ability of 18F-dopa PET to separate normal from parkinsonian subjects on an individual basis. None of the 27 controls was classified as abnormal, whereas only one parkinsonian subject out of 63 was classified as "normal", although this subject had a putamen Ki value 2-5 SDs below the normal mean. Discriminant function analysis was less effective, however, at distinguishing the different akinetic-rigid syndromes on the basis of their striatal '8F-dopa uptake when judged against clinical criteria. Those clinically labelled as having probable Parkinson's disease or atypical parkinsonism were assigned the same PET category 64% and 69% of the time, respectively. When three parkinsonian categories (Parkinson's disease, MSA, and SRO) were considered together, patients with Parkinson's disease and SRO were assigned to their clinical grouping in 64% and 70% of cases, respectively; patients with MSA were assigned to MSA, Parkinson's disease, and SRO groups with roughly equal frequency.
The There was once a man who got run in for winking at girls in the street. So he said it was a permanent affliction and he winked all through his trial and got off, but the sad thing is that now he can't stop and he's been winking ever since.
Thomas Mann, 1947, Dr Faustus One side of his cheek was drawn up in a sort of tic, the corner of the mouth as well, and the eye winked in sympathy. Graham Greene, 1948 , The heart of the matter The French officer returned his salute a drained-out figure with a twitch in the left eyelid.
George Onvell, 1949 Onvell, , 1984 They were a few metres apart when the left side of the man's face was suddenly contorted by a sort of spasm. It happened again just as they were passing one another. It was only a twitch, a quiver, rapid as the clicking of a camera shutter, but obviously habitual.
Joseph Heller, 1979 , Good as gold Since his dental practice had ceased growing, Irv had developed a tic in his right cheek that often gave him the appearance of smiling inexplicably.
J'ohn Fowles, 1985 
